A B S T R AC T :
Levodopa is effective for the motor symptoms of Parkinson's disease (PD), but is associated with motor fluctuations and dyskinesia. Many patients require add-on therapy to improve motor fluctuations without exacerbating dyskinesia. The objective of this Phase III, multicenter, double-blind, placebo-controlled, parallel-group study was to evaluate the efficacy and safety of safinamide, an a-aminoamide with dopaminergic and nondopaminergic mechanisms, as add-on to L-dopa in the treatment of patients with PD and motor fluctuations. Patients were randomized to oral safinamide 100 mg/day (n 5 224), 50 mg/day (n 5 223), or placebo (n 5 222) for 24 weeks. The primary endpoint was total on time with no or nontroublesome dyskinesia (assessed using the Hauser patient diaries). Secondary endpoints included off time, Unified Parkinson's Disease Rating Scale (UPDRS) Part III (motor) scores, and Clinical Global Impression-Change (CGI-C). At week 24, mean 6 SD increases in total on time with no or nontroublesome dyskinesia were 1.36 6 2.625 hours for safinamide 100 mg/ day, 1.37 6 2.745 hours for safinamide 50 mg/day, and 0.97 6 2.375 hours for placebo. Least squares means differences in both safinamide groups were significantly higher versus placebo. Improvements in off time, UPDRS Part III, and CGI-C were significantly greater in both safinamide groups versus placebo. There were no significant between-group differences for incidences of treatmentemergent adverse events (TEAEs) or TEAEs leading to discontinuation. The addition of safinamide 50 mg/day or 100 mg/day to L-dopa in patients with PD and motor fluctuations significantly increased total on time with no or nontroublesome dyskinesia, decreased off time, and improved parkinsonism, indicating that safinamide improves motor symptoms and parkinsonism without worsening dyskinesia. Although levodopa is very effective for the motor symptoms of Parkinson's disease (PD), 1 its longer-term use is associated with motor fluctuations and dyskinesia. 2 Patients with motor fluctuations often require addon therapy, the aim of which is to improve motor fluctuations without exacerbating dyskinesia. 3 Add-on dopaminergic agents improve motor fluctuations, but may do so at the expense of exacerbating dyskinesia. 4 Also, as PD progresses, nondopaminergic pathways (eg, glutamate) become involved in the development of dyskinesia. 5, 6 Therefore, there is a need for new PD treatments with both dopaminergic and nondopaminergic effects.
Safinamide is a novel oral therapy in development for PD. It is an a-aminoamide that has both dopaminergic and nondopaminergic mechanisms of action, including inhibition of monoamine oxidase-B (MAO-B), sodium (Na1) channel blockade, and modulation of stimulated release of glutamate. [7] [8] [9] [10] Safinamide has been shown to reduce L-dopa-induced dyskinesias in animal models and humans. 11 The aim of this study was to evaluate the efficacy and safety of safinamide, as an add-on therapy to stable L-dopa and other dopaminergic treatments in patients with PD and motor fluctuations.
Patients and Methods

Study Design
This Phase III, multicenter, randomized, doubleblind, placebo-controlled, parallel-group study comprised of 4 phases: a 10-day screening period; a 4-week L-dopa stabilization period; a 24-week treatment period; and an optional 1-week taper period. On completion of the 24-week treatment period patients continued on their randomized study medication in an 18-month double-blind, placebo-controlled extension study, except for those patients experiencing dose-limiting side effects, or clinically significant worsening.
Randomization was performed on a country-specific basis, using a computer-generated randomization schedule provided by the sponsor and administered via a central interactive voice-response system. Investigators, patients, and caregivers were blinded to treatment.
Patients and Treatment Setting
Investigators enrolled male and female patients aged 30 to 80 years with mid-to-late-stage PD, experiencing motor fluctuations while receiving L-dopa and other dopaminergic treatments at 52 centers in India (35), Romania (10) , and Italy (7). Eligible patients had: idiopathic PD of 3 years' duration; Hoehn and Yahr stage I-IV during off; motor fluctuations (>1.5 hours' off time/day). Patients also had to be able to accurately maintain a diary. 12 Patients with late-stage PD were excluded if they experienced severe, disabling peak-dose or biphasic dyskinesia, or unpredictable or widely swinging symptom fluctuations. Patients with evidence of dementia, major psychiatric illnesses, and/or severe and progressive medical illnesses were excluded.
Treatments
Patients were randomized to safinamide 100 mg/ day, safinamide 50 mg/day, or placebo (1:1:1). Safinamide and placebo were identical in appearance. Doses were administered once-daily in the morning for 24 weeks. During screening, PD treatments were optimized and a 28-day fixed-dose period was required prior to randomization ("levodopa stabilization period").
During the 24-week treatment period, doses of Ldopa and other PD therapies were to remain stable if possible. However, if a patient experienced deterioration in motor symptoms, the dose could be increased, or additional PD drugs (except MAO-B inhibitors) could be used as "rescue medication." The L-dopa dose could also be decreased based upon the patient's condition or occurrence of adverse events (AEs). Patients in the safinamide 100 mg/day group could have their dose reduced to 50 mg/day if they did not tolerate the higher dose. The option to "reduce" the dose was also available in the other treatment groups, although the actual doses given were not changed.
Concomitant treatment with dopamine agonists, catechol-O-methyl transferase (COMT) inhibitors, amantadine, and/or anticholinergics (for PD) was permitted. Medications not permitted before or during the study included: MAO inhibitors, tricyclic antidepressants, and serotonin-norepinephrine reuptake inhibitors.
Assessments
The primary efficacy variable was the change in mean daily total on time with no or nontroublesome dyskinesia (as used by Hauser et al. 13 ) recorded in patient diaries.
14 Secondary efficacy variables included: total daily off time; Unified Parkinson's Disease Rating Scale (UPDRS) Part III (motor) scores during on; Clinical Global Impression-Change (CGI-C) scores; off time following the first morning L-dopa dose; Dyskinesia Rating Scale (DRS) scores during on time; 12 UPDRS Part II (activities of daily living) scores during on; Clinical Global Impression-Severity (CGI-S) scores; percentage change in L-dopa dose. Tertiary efficacy variables included the GRID Hamilton Rating Scale for Depression (GRID-HAM-D) total score and the Parkinson's Disease Questionnaire (PDQ-39) subscale scores.
Patients completed a diary at 30-minute intervals over 18 hours each day during the L-dopa stabilization period and in the 5 days preceding each study visit.
After careful explanation and training by the investigator, the patient and/or caregiver completed the patient's diary in parallel with the investigator's assessment. Concordance between the patient's and investigator's ratings of whether the patient was currently: on with no dyskinesia, on with nontroublesome dyskinesia (dyskinesia does not interfere with function/cause meaningful discomfort), on with troublesome dyskinesia (interferes with function/causes meaningful discomfort), off, or asleep, was required prior to the start of the stabilization period. Patients' diaries were also evaluated remotely by an independent trained physician to ensure compliance with the diary completion and protocol selection criteria related to motor fluctuations. Patients unable to produce accurate diary recordings were retrained at baseline, and were dropped from the study if retraining was unsuccessful. Diary data from the 2 days preceding each study visit were used for analysis purposes, More than 20,000 diaries completed by patients during the L-dopa stabilization phase were evaluated for adequacy of diary completion. During the 6 months' treatment, out of a total of 18,682 completed diaries, only 13 from the placebo group, 9 from the safinamide 50 mg group, and 6 from the safinamide 100 mg group were considered unacceptable (ie, had >5 missing or erroneous entries). This is a reflection of the stringent requirements during screening; patients were required to demonstrate their ability to accurately maintain a diary. Safety assessments included treatment-emergent AEs (TEAEs), laboratory data, ophthalmological and dermatological examinations, electrocardiogram, and vital signs.
Statistical Analyses
It was calculated that a sample size of 568 patients completing the 24-week treatment period would achieve 87% power to detect a difference of 0.78 hours in mean daily on time, assuming an SD of 2.32 and a 2-tailed probability of type I error equal to 0.05. Treatment difference and SD estimates were derived from results of the PRESTO Study. 15 Based on an estimated attrition rate of 14%, it was estimated that 660 patients should be recruited.
The intent-to-treat (ITT) population included all randomized patients and was used for all efficacy analyses. If a patient's dose of L-dopa or other PD therapy was increased by 20% or if rescue medication was used, data were censored at that point and week 24 evaluations were carried out before the intervention ("On Treatment" analysis). The safety population was defined as all patients who received at least one dose of study medication and had a subsequent safety assessment.
The change from baseline to week 24 for the primary efficacy variable was analyzed using a mixed linear model with baseline as a covariate. A sequence of comparisons approach was used: safinamide 100 mg/ day versus placebo was tested first, and if significant, safinamide 50 mg/day was tested versus placebo. Mixed model repeated measures (MMRM) analysis was used for the primary efficacy variable. In this analysis, there are no imputations for missing data; instead, the analysis uses a likelihood-based method for analyzing incomplete data, and controls for Type 1 error rates at a nominal level. Sensitivity analyses were performed using the last observation carried forward (LOCF) analysis (in which the last available rating is used for all subsequent time-points) and an observed cases (OC) analysis (in which data are analyzed only up to the time they were recorded). All 3 analyses produced similar results.
Each secondary variable was analyzed sequentially as long as the difference between safinamide 100 mg/ day and placebo was significant. Also, if the difference between safinamide 100 mg/day and placebo was significant, safinamide 50 mg/day and placebo were compared. If any of the tests were not significant (alpha 5 0.05) subsequent tests were considered exploratory. For CGI-S the scores at week 24 were analyzed and for the remaining secondary endpoints, the change from baseline to week 24 was analyzed. DRS scores and changes in L-dopa dose were analyzed using Wilcoxon rank-sum test, CGI-C scores were analyzed using Cochran-Mantel-Haenszel test, and the remaining variables were analyzed using analysis of covariance with baseline values as covariates. TEAEs were compared across groups using Cochran-MantelHaenszel test stratified by center.
In order to correct changes in the dose of concomitant PD medications, and minor discrepancies in the date of onset and resolution of AEs, the Study 016 database was unlocked and relocked on 3 occasions without any effect on the overall safety/efficacy conclusions.
Classification of Level of Evidence
The primary research question was: does safinamide 50 mg and 100 mg as add-on to L-dopa and other dopaminergic treatments in patients with PD and motor fluctuations, improve on time (defined as on time without dyskinesia plus on time with nontroublesome dyskinesia). Based on the design and patient population, a positive result would provide Class I evidence of such an improvement.
Protocol Approval, Trial Registration, and Patient Consent
The protocol and all patient materials were approved by Independent Ethics Committees and Health Authorities in all 3 countries. All patients signed an informed consent form and the study was conducted according to the Declaration of Helsinki. The study is registered on Clinicaltrials.gov (NCT01187966).
Results
Patients
The first patient was screened on January 13, 2007 and the last patient completed on October 28, 2008. Patient disposition is summarized in Figure 1 ; all patients were analyzed in the treatment group to which they were assigned. Overall, 88.8% of enrolled patients completed the study. Baseline demographics and clinical characteristics were similar between groups (Table 1) . Overall, 80.6% of patients were from India, 15.8% were from Romania, and 3.6% were from Italy. Patient disposition by country was generally similar in the 3 groups.
Efficacy
The mean total on time with no or nontroublesome dyskinesia recorded in patient diaries increased over time in all 3 groups (Fig. 2) . At week 24, there were significant differences in the least squares (LS) mean change versus placebo in both the safinamide 50 mg/ day (0.51 hours; 95% CI, 0.07-0.94; P 5 0.0223) and 100 mg/day (0.55 hours; 95% CI, 0.12-0.99; P 5 0.0130) groups.
For off time, at week 24, LS mean differences versus placebo were significantly higher in both the safinamide 50 mg/day (20.6; 95% CI, 20.9 to 20.2; P 5 0.0043) and 100 mg/day (20.6; 95% CI, 21.0 to 20.2; P 5 0.0034) groups. Differences from placebo in on and off time were significant for both 50 and 100 mg/day doses from the first postbaseline evaluation (week 4) onward.
UPDRS-III (motor) scores were significantly improved in both 50 and 100 mg/day groups compared to placebo (LS mean changes: 50 mg/day: 21. There were also significant improvements in CGI-C, CGI-S, and off time following the morning L-dopa dose in both safinamide groups compared with placebo ( Table 2 ). There were no significant betweengroup differences in DRS scores during on time (Table 2) .
Safinamide 100 mg/day improved UPDRS-II (activities of daily living) scores compared with placebo (P 5 0.006); however, this was not noted for the 50 mg/day group ( Table 2) .
The dose of L-dopa remained stable in the majority of patients: 10% to 13% had their dose reduced during the study. There was a small percentage reduction in L-dopa dose in all groups and no statistically significant between-group differences.
There were also improvements in PDQ-39 total score (P 5 0.0360) and subscale scores for emotional wellbeing (P 5 0.0116), communication (P 5 0.0361), and bodily discomfort (P 5 0.0159) for safinamide 100 mg/day versus placebo (Table 2) . Changes in GRID-HAM-D scores from baseline to week 24 were
None of the 5 deaths reported after randomization (1 in the placebo group and 4 in the safinamide 100 mg/day group) were considered to be related to the study drug. AE, adverse event; SAE, serious adverse event.
numerically greater for both safinamide groups versus placebo (Table 2) .
Safety
Investigators chose the dose reduction option for 10 patients (4%) in the 100 mg/day group, 7 (3%) in the 50 mg/day group, and 9 (4%) in the placebo group. Completion rates were high (87%-90%), with no differences in discontinuation rates due to TEAEs.
In total, 446 (67%) patients experienced TEAEs (Table 3) ; the majority (>90%) were rated mild or moderate. There were no significant differences among groups in the incidence of TEAEs (P 5 0.5293),
FIG. 2. Primary endpoint.
Mean change 6 SE in on time with no or minor dyskinesia during the study (patient diary data). Using ANCOVA analysis (MMRM), all time points after baseline were statistically significant when compared with placebo, with the exception of safinamide 50 mg/day at week 18 (P 5 0.0974). *P < 0.05 versus placebo. ANCOVA, analysis of covariance; MMRM, mixed model repeated measures; LS, least squares; CI, confidence interval; EOS, end of study; SE, standard error. 
S A F I N A M I D E
TEAEs related to treatment (P 5 0.1395), or TEAEs leading to discontinuation (P 5 0.8497) ( Table 3 ). The most common TEAEs by body system were nervous system disorders, followed by general disorders and gastrointestinal disorders. Worsening of PD and depression were reported more frequently in patients receiving placebo than patients on safinamide. Dyskinesia was reported more frequently in the safinamide groups and was generally mild or moderate in severity; only 1.8%, 0.9%, and 2.3% of patients in the 100 mg/day, 50 mg/day, and placebo groups, respectively, reported severe dyskinesia. The incidence of serious TEAEs was higher in the placebo and safinamide 100 mg/day groups versus safinamide 50 mg/day (P 5 0.0286) ( Table 3 ), but no specific pattern of serious TEAEs was observed. Seven deaths were reported: 2 in the placebo group and 5 in the safinamide 100 mg/day group. In the safinamide 100 mg/day group, 2 of the deaths were considered unrelated to the study drug; in 2 cases, the cause of The primary efficacy variable was the change in mean daily total on time with no dyskinesia plus mean daily total on time with nontroublesome dyskinesia (as used by Hauser et al. 15 ).
b Differences from placebo in off time (as for on time) were significant for both 50 and 100 mg/day doses from the first postbaseline evaluation (week 4) onward. UPDRS, Unified Parkinson's Disease Rating Scale; PDQ-39, Parkinson's disease questionnaire; CI, confidence interval; on, on medication; off, off medication; UPDRS-III, UPDRS motor scale, UPDRS-II, UPDRS self-evaluation of the activities of daily life; CGI-C, Clinical Global Impression-Change; CGI-S, Clinical Global Impression-Severity; DRS, dyskinesia rating scale; GRID-HAM-D, GRID-Hamilton Rating Scale for Depression.
death was unknown and 1 death occurred 49 days after discontinuation from Study 016, as a result of a posttraumatic subdural hematoma that was reported as a serious AE. There were no significant findings for clinical laboratory tests, vital signs, or ophthalmological examination between treatment groups.
Discussion
In this study, safinamide as add-on therapy to Ldopa and other dopaminergic treatments in PD patients with motor fluctuations significantly improved on time with no/nontroublesome dyskinesia, and off time based on patient diary data. Patients consider on time with no or nontroublesome dyskinesia as "good" on time and it correlates with patients' perceived duration of a good response throughout the day. 12, 13 Importantly, both safinamide groups showed no increase in troublesome dyskinesia despite the significant increase in on time. Dyskinesia is the most disabling side effect of current PD medications and can have a significant impact on patients' quality of life. 16 The study also showed improvements in motor function and patients' overall clinical status, activities of daily living, and some aspects of quality of life with safinamide. Importantly, the change in UPDRS-III from baseline with safinamide (Table 2) represented a clinically important difference, according to criteria developed by Shulman et al. 17 In general, the benefits of safinamide were more often observed with safinamide 100 mg/day, although the lower dose of 50 mg/ day was significantly superior to placebo for most measures.
The MAO-B inhibitor rasagiline 1 mg/day significantly improved on time without increasing troublesome dyskinesia in the Lasting Effect in Adjunct therapy with Rasagiline Given Once Daily LARGO study, 18 but in the PRESTO study, it significantly increased ON time with troublesome dyskinesia. 15 The clinical data obtained with safinamide are interesting in the context of preclinical data in the methyl-4-phenyl-1,2,5,6-tetrahydropyridine (MPTP) primate model of levodopa-induced dyskinesia, which show that safinamide potentiates L-dopa's antiparkinsonian effects while simultaneously improving dyskinesia. 19 The antiparkinsonian effects at 50 mg/day may be related to MAO-B inhibition, although the superiority of the effects at 100 mg/day cannot be ascribed to this mechanism as MAO-B inhibition is virtually complete at a dose of 50 mg/day, suggesting the enhanced benefit at this dose and its antidyskinetic effects may be mostly due to nondopaminergic mechanisms.
Overall, incidences of TEAEs, drug-related TEAEs, and discontinuation due to TEAEs with safinamide were similar to placebo. Ophthalmological examination showed that safinamide was not associated with an increase in TEAEs compared with placebo, and therefore no further ocular monitoring was deemed necessary. Dyskinesia was the only drug-related TEAE reported more frequently with safinamide than placebo; the higher incidence in the 50-mg compared with the 100-mg group suggests no relationship with dose. Importantly, the data from other measures assessing dyskinesia (diaries, DRS score, UPDRS IV subitems, etc.) suggest no increase in the severity of dyskinesia with safinamide. Although the severity of dyskinesia reported as a TEAE was generally mild or moderate, the results appear to be inconsistent with those obtained for patient-recorded on time, which demonstrated that safinamide significantly improved on time with no or nontroublesome dyskinesia). This may reflect differences in the way the data were collected. On time was recorded by patients in their diaries every 30 minutes over an 18-hour period for 5 consecutive days preceding each visit, whereas AEs recorded at study visits may reflect whether a patient is experiencing any dyskinesia at that moment, or has experienced any dyskinesia at any time point from the start of the study irrespective of its impact on functioning.
Furthermore, DRS scores, recorded by clinicians at the end of the study for patients whose dose of L-dopa did not change during the 24-week treatment period, showed no worsening of dyskinesia between groups. It is not uncommon to see differences between patientreported and physician-reported outcomes and correlations between these can be poor. 20 Dyskinesia reported as an AE in this study is likely to be a class effect of dopaminergic drugs. Dyskinesia is mediated, at least in part, by changes in postsynaptic dopamine 
receptors secondary to nigral denervation and all dopaminergic drugs (and short-acting agents in particular) have the potential to cause dyskinesia TEAEs. 21 However, safinamide may differ from other dopaminergic PD treatments in that it is has both dopaminergic and nondopaminergic mechanisms of action. The proportion of patients taking anticholinergic medication at baseline was relatively high (37%). This reflects the high number of patients from India, where it is common clinical practice to administer anticholinergics for PD. However, as the percentage of patients taking this medication at baseline was similar between groups, we do not believe this will have affected the results. Although approximately 80% of patients were Asian, patient disposition was generally similar between countries and we have no reason to expect the clinical profile of safinamide to be different in non-Asian patients. Results from an ongoing Phase III study of safinamide as add-on to L-dopa (SETTLE), which will include a higher proportion of Caucasian patients, should confirm this. 22 Our findings support previous clinical data on the efficacy and tolerability of safinamide as add-on therapy to L-dopa. 23 The efficacy and tolerability of safinamide as add-on therapy to dopamine agonists has also been demonstrated in previous Phase II and Phase III studies. [24] [25] [26] [27] [28] Additional Phase III studies will report the results on the use of safinamide as add-on to Ldopa (SETTLE) and dopamine agonist (safinaMide add-On To dopamine agonist in early Idiopathic ParkinsON's disease [MOTION] ). 22, 29 The results of clinical studies with safinamide in early-stage PD also provide further evidence of its potential benefits in PD. 30, 31 In a short-term trial, safinamide 100 mg/day, when added to a stable dose of dopamine agonist in early PD, was associated with improvement from baseline to week 24 in UPDRS-III total score. 30 In a recently reported long-term (18 months) placebocontrolled extension of the same study, efficacy benefits were seen to persist with safinamide 100 mg/day, resulting in a significantly lower rate of intervention compared with dopamine agonist monotherapy. 31 Furthermore, the 100-mg dose significantly improved activities of daily living (UPDRS-II), motor function (UPDRS-III), and responder rate. 31 The current study demonstrates the benefits of safinamide as add-on therapy to L-dopa and other dopaminergic treatments in mid-stage to late-stage PD patients with motor fluctuations. Based on patient diary data, safinamide 50 mg/day and 100 mg/day increased total daily on time with no or nontroublesome dyskinesia; ie, both doses increased good on time. Eighty-one percent of patients randomized to this study continued into an 18-month extension study, which has completed and will allow further evaluation of the long-term efficacy and safety of safinamide in this patient population.
